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Abstract : Introduction : The number of patients who undergo laparoscopic sleeve gastrectomy (LSG) has been in-
creasing. Department of Surgery, Tokushima University performed the first LSG in 2013. The aim of this study was 
to report the results of the initial ten cases who underwent a LSG. Patients and methods : Ten obese patients : five 
males and five females ; age range from thirty-three years to fifty-six years (mean age 42.2 years) ; mean body 
mass index (BMI) 50.3 ; five with diabetes ; nine with hypertension (HT) ; four with hyperlipidemia (HL) ; eight 
with sleep apnea syndrome (SAS) who underwent LSG were enrolled in this study. The data was analyzed retro-
spectively and included short- and long-term outcomes. Results : There were no post-operative complications in 
this study. The %EWL at three and six months and one year post-operative were 44.2%, 50.2% and 48.6% respec-
tively. In three months post-operative the non-alcoholic fatty liver (NAFLD) and non-alcoholic steatohepatitis 
(NASH) had improved transaminase (AST/ALT), liver to spleen ratio in plain CT value. Improvements were also 
evident in the obesity-related diseases : diabetes 80% (4/5) ; HT 67% (6/9) ; HL 75% (3/4) ; and SAS 88% (7/8). Conclu-
sion : LSG is a promising option for the treatment of morbid obesity and obesity-related diseases. J. Med. Invest. 
66 : 289-292, August, 2019
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INTRODUCTION
 
Metabolic syndrome (MS) is a disease characterized by obe-
sity, diabetes, hypertension, and dyslipidemia. The incidence of 
MS has increased along with rapid economic development and 
an associated change in diet (1). Consequently, increased atten-
tion has been paid to the prevention of MS. 
There is strong published evidence that bariatric surgery is 
an effective means to sustain long-term weight loss (2-4). Some 
reports have shown that bariatric surgery is superior to internal 
medicine in the treatment of MS (5). Especially, bariatric sur-
gery is reported to achieve complete remission in obese patients 
with type 2 diabetes mellitus (T2DM) (6). 
The authors previously reported that duodenal-jejunal bypass 
improved T2DM and liver steatosis by enhancing glucagon like 
peptide-1 (GLP-1) secretion through increasing serum bile acids 
and the proliferation of L cells in the ileum in vivo (7). 
Three (3) main bariatric surgeries are performed world-
wide : gastric banding ; Roux-en-Y gastric bypass (RYGB) ; and 
sleeve gastrectomy (SG). 
The laparoscopic sleeve gastrectomy (LSG), initially used as 
the first stage of a more complex procedure (duodenal switch or 
gastric bypass) in patients with high surgical risk, has gained 
popularity in recent years due to reported good short-term re-
sults and its relatively lower technical difficulties (8, 9).
In Japan, the number of patients who have undergone a 
LSG has been increasing (10) since the Department of Surgery, 
Tokushima University performed the first LSGs in 2013. These 
initial ten (10) LSG cases are the focus of this study.
MATERIALS AND METHODS
Patient selection and data collection
Patients were included in this study based on the following 
indicators : a LSG at the Tokushima University Hospital ; aged 
between 18 years and 60 years ; a body mass index (BMI) 
of > 35 kg/m2-- ; internal therapy of > 6 months ; and co-morbidity 
with : T2DM ; hypertension (HT) ; hyperlipidemia (HL) ; or sleep 
apnea syndrome (SAS).
The exclusion criteria were : known malignancies ; pregnan-
cy ; and conditions associated with poor compliance (psychiatric 
illness).
The protocol for this research project was approved by a suit-
ably constituted Ethics Committee of the Tokushima University 
Hospital.
From 2013 to 2017, ten (10) patients (5 males and 5 fe-
males ; age range from 33 years to 56 years (mean age 42.2 
years) ; and a mean BMI of 50.3) were referred to the Tokushima 
University for treatment of morbid obesity. Co-morbidity included 
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the following : five (5) patients with T2DM ; nine (9) patients 
with HT ; four (4) patients with HL ; and eight (8) patients with 
SAS (Table 1).
Data were collected retrospectively from medical records and 
supplemented with data and laboratory results. 
Technical description of a LSG
All surgical procedures were started laparoscopically. First, 
the greater curvature and the angle of His were dissected to sta-
ple the gastric fundus and greater curvature parallel to a gastric 
fiber, which was inserted in the stomach through the esophagus. 
Stapling (total five (5) to eight (8) times) was started from a dis-
tance of 5 cm to 8 cm from the pylorus on the greater curvature 
side toward the angle of His. This resulted in a tube-like stomach 
with a volume of approximately 100 mls made from the lesser 
curvature only. The staple line was reinforced by 3-0 PDS and 
vicryl continuous sutures.
Post-operative management 
After the LSGs, the patients were started with water on day 
one (1) post-operative and a liquid diet on days four (4) and five 
(5) post-operative. A thrombosis prophylaxis was administered 
twice a day for a week. 
After discharge, the patients were followed up once a month 
for two (2) months. At outpatient’s clinic, the body weight (BW), 
blood test and plain CT of the patients were evaluated. For the 
purpose of the evaluation for fatty liver, the ratio of liver to spleen 
in plain CT was used. The ratio of liver to spleen in plain CT 
value > 1.0 indicated fatty liver.
Statistical analysis
The t-test was used for statistical analysis of the continuous 
variables. For all tests, p < 0.05 was interpreted as significant. 
The values for each continuous variable were expressed as a 
mean ± the standard deviation (SD).
RESULTS
An overview of the short-term outcomes after the LSGs is 
given in Table 2. The operation time was 233 ± 20.7 minutes 
and the blood loss was 11.7 ± 13.1 ml. The hospital stay after the 
LSGs was 30.8 ± 8.0 days and the weight loss during the hospital 
stay after the LSGs was 16.2 ± 5.8 kg. There were no post-opera-
tive complications after the LSGs. 
Percent excess weight loss (%EWL) in three (3) months, six 
(6) months and one (1) year post-operative were : 44.2% (20.6 – 
56.9) ; 50.2% (32.0 – 61.6) ; and 48.6% (35.5 – 62.6) respectively. 
Obesity related diseases were also improved at one (1) year 
post-operative : diabetes 80% (4/5) ; hypertension 67% (6/9) ; hy-
perlipidemia 75% (3/4) ; and SAS ; 88% (7/8). HbA1c at three (3) 
months post-operative was significantly lower than that record-
ed pre-operation (5.4 vs 6.2) (Table 3).
At three (3) months post-operative the LSGs had decreased 
the value of transaminase (AST/ALT) and increase the ratio of 
liver to spleen in plain CT value. Therefore, the LSGs contrib-
uted to the improvement of non-alcoholic fatty liver (NAFLD)/ 
non-alcoholic steatohepatitis (NASH) (Figures 1a ; 1b ; 1c and 
1d).
 
Table 1.　Patients’ characteristics before LSG. 
Factors n = 10
Age (y.o.) 42.2 (33 – 56)
Gender : male/female 5/5
BW (kg) 138.8 (100.9 – 165.9)
BMI (kg/m2) 50.3 (42.5 – 60.1)
Comorbidity T2DM 5, HT 9, HL 4, SAS 8
HbA1c (%) 6.2 (4.9 – 8.4)
Table 2.　Short-term outcome after LSG.
Factors n = 10
Operation time (min.) 233 ± 20.7
Blood loss (ml) 11.7 ± 13.1
Postoperative complication (%) 0
Hospital stay after LSG (days) 30.8 ± 8.0
Weight loss during hospital stay (kg) 16.2 ± 5.8
Table 3.　Long-term outcome after LSG.
Factors n = 10
%EWL in postoperative 3 months 44.2 (20.6 – 56.9)
%EWL in potoperative 6 months 50.2 (32.0 – 61.6)
%EWL in postoperative 1 year 48.6 (35.5 – 62.6)
Improvement of obesity-related disease T2DM 80% (4/5)
Hypertension 67% (6/9)
Hyperlipidemia 75% (3/4)
SAS 88% (7/8)
HbA1c (%) in postoperative 3 months 5.4 (4.8 – 6.5)
Figures 1a and 1b : The comparison between the pre-operation and 
three (3) months post-operation levels of AST and ALT. The values for 
each continuous variable were expressed as a mean ± the standard de-
viation (SD). The t-test was used for statistical analysis of the continu-
ous variables. For all tests, p < 0.05 was interpreted as significant.
291The Journal of Medical Investigation   Vol. 66  August  2019
DISCUSSION
This study was designed to investigate the effect of a LSG on 
obesity and obesity-related disease in the Department of Sur-
gery’s initial ten (10) cases. The results showed not only BW loss 
but also improvements in T2DM, HT, HL, SAS and NAFLD/ 
NASH. 
SG surgery, in which 80% of the stomach is removed along 
the greater curvature but the intestinal anatomy is unaltered, is 
gaining in popularity. A LSG is considered a definitive procedure 
for the treatment of morbid obesity and T2DM. A LSG is increas-
ingly used world-wide and represents the bariatric procedure in 
many countries (11-13). SG is successfully performed by laparos-
copy in 99.7% of cases, with a high leak rate of 1.3%, a low leak 
rate of 0.5% and a mortality rate of 0.1% (14). 
Zhang N, et al. reported that the remission rates of co-morbidi-
ty were observed in LSG for : sleep apnea (91.2) ; hyperlipidemia 
(63%) ; hypertension (38.8%) ; diabetes (58.6%) ; and musculo-
skeletal disease (66.7%) (15). Obesity is associated with NAFLD 
(16), and the resolution of NAFLD following bariatric surgery 
has been proven (17).
Regarding the resolution of diabetes and NASH following a 
LSG, a vertical sleeve gastrectomy (VSG) was reported to be as 
effective as RYGB for increasing secretion of GLP-1 and insulin 
as well as improving hepatic sensitivity to insulin. As well, these 
effects are independent of weight loss (18).
In the author’s previous report, duodenal-jejunal bypass (DJB) 
improved T2DM and liver steatosis by enhancing GLP-1 secre-
tion through increasing serum bile acids and the proliferation of 
L cells in the ileum in vivo (7). In addition, the authors have also 
reported that a DJB changed the composition of gut microbiota 
and these changes might be the factors that contributed to the 
effects of DJB (19). Ryan KK, et al. reported that bile acids and 
bile acid receptor, known as the farnesoid X receptor (FXR) was 
an important molecular underpinning for the beneficial effects of 
bariatric surgery (20). In this report, FXR in SG was associated 
with the change of gut microbiota. So, the important roles in SG 
might be the correlation among bile acids, GLP-1, FXR and gut 
microbiota.
In this study, the initial ten (10) cases who underwent LSGs 
were reported. LSG is a promising option for the treatment of 
morbid obesity and obesity-related disease.
ACKNOWLEDGMENTS
The authors of this study are grateful to the staff at the 
Department of Surgery, Tokushima University, for important 
contributions.
DISCLOSURES
Hideya Kashihara and the co-authors have no conflict of inter-
est regarding this report.
All investigations on human subjects must include a state-
ment that the subject gave informed consent and patient ano-
nymity should be preserved.
 
REFERENCES
1. Elrazek AE, Elbanna AE, Bilasy SE : Medical management 
of patients after bariatric surgery : principles and guide-
lines. World J Gastrointest Surg 6 : 220-228, 2014
2. Carlsson LM, Peltonen M, Ahlin S, Anveden Å, Bouchard 
C, Carlsson B, Jacobson P, Lönroth H, Maglio C, Näslund 
I, Pirazzi C, Romeo S, Sjöholm K, Sjöström E, Wedel H, 
Svensson PA, Sjöström L : Bariatric surgery and prevention 
of type 2 diabetes in Swedish obese subjects. N Engl J Med 
367 : 695-704, 2012 
3. Sjöström L, Lindroos AK, Peltonen M, Torgerson J, Bouchard 
C, Carlsson B, Dahlgren S, Larsson B, Narbro K, Sjöström 
CD, Sullivan M, Wedel H : Swedish Obese Subjects Study 
Scientific Group. Lifestyle, diabetes, and cardiovascular 
Figures 1c : The comparison between the pre-operation and three 
(3) months post-operation in the value of liver to spleen in plain CT. 
The ratio of liver to spleen in plain CT value > 1.0 showed fatty liver. 
Values for each continuous variable were expressed as a mean ± the 
standard deviation (SD). The t-test was used for statistical analysis 
of the continuous variables. For all tests, p < 0.05 was interpreted as 
significant.
Figures 1d : The representative CT image in the pre-operation and 
three (3) months post-operation.
292 H. Kashihara, et al.  The effect of sleeve gastrectomy
risk factors 10 years after bariatric surgery. N Engl J Med 
351 : 2683-2693, 2004
4. Sjöström L, Narbro K, Sjöström CD, Karason K, Larsson 
B, Wedel H, Lystig T, Sullivan M, Bouchard C, Carlsson 
B, Bengtsson C, Dahlgren S, Gummesson A, Jacobson P, 
Karlsson J, Lindroos AK, Lönroth H, Näslund I, Olbers T, 
Stenlöf K, Torgerson J, Agren G, Carlsson LM : Swedish 
Obese Subjects Study. Effects of bariatric surgery on mor-
tality in Swedish obese subjects. N Engl J Med 357 : 741-
752, 2007
5. Mingrone G, Panunzi S, De Gaetano A, Guidone C, Iaconelli
 A, Nanni G, Castagneto M, Bornstein S, Rubino F : Bar-
iatric-metabolic surgery versus conventional medical treat-
ment in obese patients with type 2 diabetes : 5 year follow-up 
of an open-label, single-centre, randomized controlled trial. 
Lancet 386 : 964-973, 2015
6. Buchwald H, Estok R, Fahrbach K, Banel D, Jensen MD, 
Pories WJ, Bantle JP, Sledge I : Weight and type 2 diabetes 
after bariatric surgery : systematic review and meta-analy-
sis. Am J Med 122 : e245, 248-256, 2009
7. Kashihara H, Shimada M, Kurita N, Sato H, Yoshikawa K, 
 Higashijima J, Chikakiyo M, Nishi M, Takasu C : Duodenal-
 jejunal bypass improves diabetes and liver steatosis via 
enhanced glucagon-like peptide-1 elicited by bile acids. J 
Gastroenterol Hepatol 30(2) : 308-315, 2015
8. Felberbauer FX, Langer F, Shakeri-Manesch S, Schmal-
dienst E, Kees M, Kriwanek S, Prager M, Prager G : Lap-
aroscopic sleeve gastrectomy as an isolated bariatric 
procedure : intermediate-term results from a large series 
in three Austrian centers. Obesity Surgery 18(7) : 814-818, 
2008
9. Topart P, Becouarn G, Ritz P : Comparative early outcomes 
of three laparoscopic bariatric procedures : sleeve gastrecto-
my, Roux-en-Y gastric bypass, and biliopancreatic diversion 
with duodenal switch. Surgery for Obesity and Related 
Diseases 8(3) : 250-254, 2012
10. Japan Society for Endoscopic Surgery 13th Nationwide 
Survey of Endoscopic Surgery in Japan. Journal of Japan 
Society for Endoscopic Surgery 21(6) : 655-810, 2016
11. Felberbauer FX, Langer F, Shakeri-Manesch S, Schmaldienst 
E, Kees M, Kriwanek S, Prager M, Prager G : Laparoscopic 
sleeve gastrectomy as an isolated bariatric procedure : inter-
mediate-term results from a large series in three Austrian 
centers. Obesity Surgery 18(7) : 814-818, 2008
12. D’Hondt M, Vanneste S, Pottel H, Devriendt D, Van Rooy 
F, Vansteenkiste F : Laparoscopic sleeve gatrectomy as a 
single procedure for the treatment of morbid obesity and 
the resulting quality of life, resolution of comorbidities, 
food tolerance, and 6-year weight loss. Surgical Endoscopy 
25 : 2498-2504, 2011
13. Chouillard EK, Karaa A, Elkhoury M, Greco VJ : Laparo-
scopic Roux-en-Y gastric bypass versus laparoscopic sleeve 
gastrectomy for morbid obesity : case-control study. Surgery 
for Obesity and Related Diseases 7(4) : 500-505, 2011
14. Abbatini F, Capoccia D, Casella G, Coccia F, Leonetti F, 
Basso N : Type 2 diabetes in obese patients with body mass 
index of 30-35 kg/m2 : sleeve gastrectomy versus medical 
treatment. Surgery for Obesity and Related Diseases 8 : 20-
24, 2012
15. Zhang N, Maffei A, Cerabona T, Pahuja A, Omana J, 
Kaul A : Reduction in obesity-related comorbidities : is 
gastric bypass better than sleeve gastrectomy? Surg En-
dosc 27(4) : 1273-1280, 2013
16. Farrell GC, Larter CZ. Nonalcoholic fatty liver disease : 
 from steatosis to cirrhosis. Hepatology 43 (2 Suppl 1) : S99-
S112, 2006
17. Kral JG, Thung SN, Biron S, Hould FS, Lebel S, Marceau 
S, Simard S, Marceau P : Effects of surgical treatment of 
the metabolic syndrome on liver fibrosis and cirrhosis. Sur-
gery 135(1) : 48-58, 2004. doi : 10.1016/j.surg.2003.10.003.
18. Chambers AP, Jessen L, Ryan KK, Sisley S, Wilson-Pérez 
HE, Stefater MA, Gaitonde SG, Sorrell JE, Toure M, 
Berger J, D’Alessio DA, Woods SC, Seeley RJ, Sandoval 
DA : Weight-independent changes in blood glucose homeo-
stasis after gastric bypass or vertical sleeve gastrectomy in 
rats. Gastroenterology 141(3) : 950-958, 2011
19. Kashihara H, Shimada M, Yoshikawa K, Higashijima J, 
Nakao T, Nishi M, Takasu C : Duodenal-jejunal bypass 
changes the composition of the gut microbiota. Surg Today 
47(1) : 137-140, 2017
20. Ryan KK, Tremaroli V, Clemmensen C, Kovatcheva-Datchary
 P, Myronovych A, Karns R, Wilson-Pérez HE, Sandoval 
DA, Kohli R, Bäckhed F, Seeley RJ : FXR is a molecular 
target for the effects of vertical sleeve gastrectomy. Nature 
509(7499) : 183-188, 2014
